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AB STB ACT , 

Presented is a science activity in ^hich tha stucient 
investigates methods of cnlibration of a iimple coiiductiirity niater 
via a hands-^on inqiairy techaiqae, Conauctiifity is ma thematiaa lly 
compared to salinity using a point slope fa:;ffliila ana graphical 
techniques. Sample solutionr. of unknoy^ii salinity ace proFided so that 
the students can sha^rpmn their salinity aeaaiixiug abilities^ 
2v^aluatiaii exercises as well as suggestions for furth^^r stu(ay are 
included. (Author/EE) 
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The si:udent Inv^estigatas methods 
L^f Gil lb rati on of a simple conduotlvlty 
mater via a hanOs-on IngUlry technique » 
Oonducc5vlty f'..s nu^theniatl^ally ccTflpE^red 
to saTSnlty \inlng a. point lIov^ 
formula ana grc.phs. Sample jiolntlons 
of unlniown salinity are provlclecl so 
ffiat the s^:uderxt can sharpen his 
salinlt],^ uBk^surinB abilities. 
Evaluation exercises? as well as 
stigResMons for further study 5 are 
Iricluded , 
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U-hTnve ura many aspeats of ohemlstTy and electrioty 
which ar-^ assunad to 'he In the Instructors repertoire 
of •mcl.gTOUnd ItiiQWledge, However, there are a /aw facts 
and cautions ooi.aemlTig this uriit which should -be inentloned. 

Pard MfiteT will not readily condutt an electric 
oiiTreni.! nowevei', extremely sfinsltlve meters will detect 
a current flow sv&n in the purest water-. To minlnilze 
t'lla effectf dlstlllBd water sTiQuld te used. 

In order that investigations' achieTa the greatest 
degree of success r the salt water solution should tee a 
hoTEioserieous mixture.. To Infure that this condition exists, 
the atudejits should be ins^iructed to mix the salt end 
the water as thTOUghly as possible ^ 

When the probe Is inayrtyd In the salt water and the 
switch oloaed, a current flowi . When this conlltion 
erlats. the copper plates react with the solution. While 
theae reactione are beyond the scape of this unit, the 
reactions do cause buildups on the plates. These buildups 
effectiTel3f increase the resistance batween the plates 
and thus decrease the amount of current flow which can 
occur between the plates. These buildups Inorease as the 
lensth of time the probe is Inimereed Increases, thay are- 
not mstantaneoiis. For this reason the probe should be 
inserted briefly and the current reading taken as soon 
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as possible after Immersion. After a reading has been 
taken, It is a good' Idea to rl?iae. the probe In fresh or 
distilled water-. It is also a good Idea to periodically 
clean the probes with steel woole 

As the depth of probe Immersion Increases , the 
amount of surface area presented to the water Increases. 
As the area In&resses , the area available for electron 
release fro and retrieval from the folutlon Increases. 
It follovrs that as the depth of penetration Increases, 
the current readlnge, for a given salinity, will Inorease, 
In order to obtain uniform and aeanlngful results, the 
depth of penetration should be held constant as one makes 
a serlea of measurements. It should also be remenbered- 
that the the depth which Is used when the salinity charts 
are made, la the depth at whloh measurementB will have to 
be made In real life situations-, If this scheme Is not 
followed, the calibration chart will be useless-. 

It Is hoped that this list of cautions, while not 
Intended to \i exhaustive, will produce a more meaning- 
ful unit for the student. 



•tn troductloti: 

Measuring tha Ballnlty of a body of water can be an 
interesting, enjoyable and fairly Inezpenslnvo task. One 
problem must >b .veroome. If you ware to build your own 
salinity or oonductlTlty metai , it would probably need to 
be calibrated. Hoi^ might this be accomplished? 

In this rait, the student is presented with a slitplQ 
conductivity m.ter. The meter is constructed, using a few 
pieces of wire a battary, a mllUafflmeterp a switch,. .two 
pieces of string, a piece of wood and two copper electrode. 
His task is to calibrate the meter so that it can be used 
for measurlns the salinities of the worlds oceans, as well 
as the wide range of salinities found in tide pools. 

The construotlon of the meter is plctiored graphically 

as follows J 
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Ob.lec tlyes 

1, To Introduce the student to a functioning con- 
ductivity meter. 

2. To Introduce the student to methods of callbTatlng 
a salinity or conductivity meter. 

3. To Introduce the student to methods of compaTlng 
salinity and conductivity. 

4, To provide the student with sample situations by 
which he can gain experience measuring salinity. 



Goals 

Upon completion of this unit, the student will be able 

to £ 

1. Calibrate a siinple oonductlvlty meter. 

2. Make charts which will allow rapid oonverston of 
current flow to salinity in parts per thousand (o/oo), 

3. Use a simple, .Inexpensive conduotlvlty meter In 
real situations. 



Materials 

le One 6V battery. 

2, One DC mllllamBeter 0-1 amp range. 

3. One 1.5V battery. 

k. One on/off toggle switch. 
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5, Two pieces of string, 

6, One piece' of woods lorn x icm x lOcme 

7, Ti^o QoppeT electrodes , lorn » 10cm (other mateTlals'- 
Biay be usedp e.g. stainless steel). 

8, Several lengths of number 12, ik, of l6 wire with 
alligator clips on each end. 

10. A straight edge, preferably- calibrated In om, 

11. A quantity of tablei salt or a quantity of sea water. 
Sea water may be prepared with salt compounds 
obtained from a blologloal supply house. The 
Tclxture one obtains will be Identical to that of 
regular sea water and will support marine life. 

12. Several 500ml beakers i other containers may be used, 

13. Several 250ml beakers i other containers may be used. 



Procedure- 

In> this mlt we are concerned with calibrating our 
instrument, Thla task shall be aofflompllshed by relating salt 
water oonduotlvdty to salinity In parts per thousand (o/oo). 

Current flow Is-related to realstanee In the following 
formula, B * IR where E = voltage, I = current flow and H ^ 
realstanee. It rollows that I ^ E/R, thus current flow Is 
dlreotly proportional to voltage, and Inversely proportional 
to resistance. If voltase Is held- oonstant, as It Is with 
the conductivity meter (6V), owrent flow becomes a function 
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of resistance. Looking at this concept from another per- 
specti.3, the conductivity of a material Is a function of 

Its* resistance. 

Saline water has the ability to conduct current flow. 
This will become rapidly evident If you momentarily dip 
the probe Into a beaker of salt water. Since the voltage is 
held constant, the mllliammeter reading Is dependent upon 
the salinity of the water. 

The salinity of the worlds oceanB ranges from about 
17 o/oo In the dilute northerri areas to as much as 300 o/oo 
m areas such as the Red Sea, There are, of course, a 
multitude of variations, depending upon the area one finds 
himself measuring. Much of the local variation is determined 
by rainfall, river runoff and evaporation. However, the 
salinity of the standard ocean, by convention, Is accepted 

to be 35 o/oo. 

When the conductivity meter is finally calibrated, 
it must be useful in local areas, TMs may be accompllahed 
by using a method of calibration which will provide useful 
readings over a wide range of salinities, 

1, Have the student mix two salt solutions. Each 
solution should be made using 400ml of fresh 
or distilled water. In il-OOml volume, dissolve 
5g NaCl and In the other, dissolve 2.5S» 

2. The student should now build the meter as shown 
in the previous diagram , 
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3. Immerse the probe (re->n©w the preeftutlon;; in the 

preface) In each bealcer momentarily, olose the 
sT^ltch and record the readings, 

4, Compute the resistance of the water for the different 
salt contents, using the formula E - IH. 

At this point the student has Investigated and Is aware of 
the conduotlvlty-salt relationship. If a sample of sea 
water of Imown salinity Is available, It may be used. If 
not, It 18 neoessary to mix a solution which can be used as 
a standard. Since salinity Is measured In parts per thousand ^ 
we realize that for e"/rary so many parts of sea water there 
Is a part of salt. The standard ocean is 35 o/oo« It 
follows that If we desire to mix a solution of 35 o/oo, 
35g NaCl must be added to every lOOOg of distilled water. 
Should a 300 o/oo solution be desired, 300g NaCl must be 
dissolved In lOOOg of water t 

5, The class should mix several different solutions f 
for example, kZ o/oo, 40 o/oo, 35 o/oo, 22 o/oo, 
18 o/oo. 

6. Using the salinity meter, measure the oonduotivlty 
of each solution and record the data. The following 
scheme works well. 

' ' ' 'l8 



sallnitv In o/oo 
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oonduotlvlty In mllllamps 
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Ail aiteriiatlYe method Is to mix one solution of 
high salinity ( aay 70 o/oOp and take a ourrent 
reading. Caution should be obB«rved here, lour 
meter may not have a suffiolent range to handle 
the current flow which Is produped. If this Is the 
case, the meter will peg and be Internally damaged. 
There are two possibilities which you may use. 
You may use a meter of greater currBnt measuring 
capacltiy or- you may decrease the size of your 
battery to say i.5V, Following the first measure- 
ment, the solution can be diluted and a second read- 
ing taken. This procedure can be followed for 
several measurements. The student following this 
couTse gains some experleace In dilution. Once a 
series of readings have been obtained they some- 
how be stored for future use. 

Have the student Investigate the following method. 
A. The student makes a chart or extends the chart 
he started In step #6, as he takes many more 
readings. Onoe this task Is oomplete, baseline 
data will be available for fUL..4re reference , 
This method Is cumbers omei perhaps the student 
will notice this, 
Ifeve the student plot his data on a Cartesl«n co- 
ordinate system (x and y coordinates ) , 
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salinity In o/oo 
Remember that since conductivity Is dependent upon salinity, 
Its' values are plotted along the "y" axis. The student 
should use the values o-btalned in step ^6 to com^l'^te thlB 
step. The question now Is how can plotting data In this 
manner "be useful at a later date? 

A plot of many readings will probahly look something 

like this. 
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salinity 

There Is a definite relationship here which can be better 
Identified by drawlKg a best fit line through the oenter of 
the data plot. 
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THIS line has the f cmula, y « nx + b, where "b = the "y" 
Interoept or that point on. ths "y" axis where the "best fit 
line crosses It, me slope = m ^ rlse/rm, x » a value 
alon.g the ••x»* axis and y ~ a. value along the "y" axis. 
The slope or valtie of Is the ainouiit of rise there Is 

far each unl-t of run, 

10, Vb.'VB tw atudent eianilne his best fit line, Does 
It' pass tlroush moie than one data point? The 
answer Is protoably yes. 

studeaib artoixll label the point which It goes 
-througrt o losest to the »y" axis, Xj and the aeoond 
point These points can also Tjfl labeled yi and 

3^2 respec tlfl'Bly, 
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(X2 - 3Cl) » run mi (yz " yO ~ the rise. It 
follows that I ^ ^ , y 
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12. Ifeve the student extend the best fit line so that 
It Intercepts the •*y" axis. This point Is lalDeled 
"b" In the formula. The student now has sufficient 
Information to substitute' In the equation, 

y = nx + b and arrive at a formula which Identifies 
the true relationship between salinity and con- 
duotlvlty , 

13, The student should make the necessary subatltutlons. 
At this point an enterprising student might conclude that In 
order to obtain the slope, only two points are needed. He 
mlEUt also mention that onoe a point Is ploted. (an ordered 
pair toiown.) and the slope teiown, the "y" Intercept may be 
arrived at nathematloally 1 the best fit line need not be 
extended through the "y" axis. If not mentioned, these faots 
should be pointed out, 

lif. Have the student' nalce a graph whose: axis Is' 
divided m a line air manner from 0 to 300 0/00, 
Tbls should be aoooiapllshed using sraph ^per* 

15. Usln;, the Information, which he has pTeTlously 
obtained, each student should plot and should 
dTaw a best fit line. The line Bhould begin at 
the "y" axle and extend to at least 3OO 0/00 on 
the "x" axis. 

16. The student graduates the "y" axis- In a manrrer 
conBlstent with his data. This will he a linear 
gTadij&tlon, The product should be slnllaT to the 
one shown below, 

14 
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17. The itistTUCtor should malce up 10 or more solutions 
for which only he toiows the salliiltjr, 

18. The students are now asked to determine the salinity 
of the untoiowris, using only the meter which they 
have hullt and their graph. 

19. The InstTUctoT conduots a group dlsousslon. During 
the dlscuasiorip the sroup should be led toward 

the areai which have bee:<- InTestlgated In the unit. 



Evaluation 

1. Using ft sinple oonductivlty mftter, whleh Incorporates 
a 1.5V battery as a voltage source, make the 
following graphs! 

A. . A plot of the reslstanoe between the plates vs, 

salinity. 

B. A plot of current flow va, salinity. 

2. Write a mathematical equation fo?- each relation- 
ship listed In question #1. 

3. DeteTOlne the salinities of seTeral mysteiT solutions 
Cprovlded by the Instruetor). 

fln pyeations for Fur ther Study. 

1. Investigate how your meter functions In a reel 

Sltiiatlon. 

2, Study the aTOllable cheialstry books and ascertain 
what takes plsoe when the probe la Inserted In the 
saline solution and the switch oloaed, 
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3, What other materials might be -uaea In place of the 
oopper eleotfodes? InTOStlgate several materials. 

A. Which aaterlalB are better? 

B, Why are' some materials betteT than others? 
What Is the buildup which ooours on the copper 
plates afteT the, systeni Is energized? 

VQCflbulary 

1. Amp--A unit Beaiure of current flow, 

2. Call'brate To adjust aooordlng to some predetermined 

scheme ■ 

T Cartesian coordinates --to x, y ooordlnate syBtam 
which is named after the matheiiatioian, Deoartes . 

5, Resistance— The quality of a material which determines 
the amount of current which can pass throush that 
material, 

6, River runoff — Discharge of river water Into the 
ocean • 

7, Salinity --The amount of salt contained per unit 
volume of water • 

8, Slope — Rise/run, 

9, Voltage — The- force which causes current to flow. 
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